Introduction
Familism is an important construct of Latin American culture that describes the strong emotional attachment and feelings of loyalty and solidarity to immediate and extended family members (Marin and Marin 1991) . Familism contributes to the greater involvement of family in the care of sick family members and to the expectation that adult children will provide care for their aging parents (Herrera et al. 2008) . Adult children caring for aging parents is especially important in Mexico and other Latin American countries because of the underdeveloped health care system and limited public resources for oldage support and long-term care in these countries (Vazquez et al. 2009 ).
In 2012 there were an estimated 33.7 million people of Mexican origin living in the United States of which 11.4 million were born in Mexico and subsequently immigrated to the United States (Gonzalez-Barrera and Lopez 2013). Mexican immigrants are frequently working-aged males pursuing employment opportunities (Passel, D'Vera, and Gonzalez-Barrera 2012) . The emigration of adult children from Mexico to the United States can have positive and negative implications for aging parents who remain in Mexico. Migrating to the United States may allow for adult children to send remittances to aging parents, which can be an important source of financial support in old age (Antman 2012) , can help pay for household expenses (Durand et al. 1996) , and may reduce household poverty (Acosta, Fajnzylber, and Lopez 2007) . Remittances have also been reported to increase healthcare utilization by aging parents because they are able to pay for more expensive services (Lopez-Cevallos and Chi 2012). Conversely, the migration of an adult child from Mexico to the United States has been associated with an increased risk for adverse health events for older adults, including heart attack, stroke, and poor mental health (Antman 2016) . Migration of adult children may also have negative effects on the social well-being of older parents. However, the results of a study using data from Thailand provide evidence that technological advances in communication and transportation enable aging parents and migrant children to maintain contact, potentially decreasing the negative impact of adult child migration on the social support and isolation of aging parents (Knodel and Saengtienchai 2007) .
An extensive body of literature documents the effects of adult child migration on economic outcomes for aging parents, but there is limited research on the influence of adult child migration on physical and mental health outcomes of aging parents. Depression, stroke, and heart disease are all risk factors for cognitive impairment (Reitz, Brayne, and Mayeux 2011) , and the increased rates of these conditions that have been observed among aging parents who have an adult child migrate to the United States (Antman 2010 ) may contribute to poor cognitive outcomes in this population. In addition, aging parents in Mexico often rely upon their children for social support and assistance with meeting financial or household needs (Antman 2012) . Older adults who are socially engaged, have social support networks, and have friends or family nearby who can provide assistance are less likely to become cognitively impaired compared to older adults without these resources (Kuiper et al. 2015) . Thus, when an adult child migrates to the United States, the aging parent loses a source of direct support, which may increase their risk for cognitive impairment. Finally, the added stress and worry of having an adult child in the United States, especially if the child is an undocumented migrant, may increase the risk for cognitive impairment for aging parents in Mexico.
Globally, in 2010, 58% of all adults aged 60 and over diagnosed with dementia were living in low-and middle-income countries (Prince et al. 2013) . Furthermore, it is expected that rapid population aging in low-and middle-income countries will contribute to a greater increase in dementia prevalence compared to Western countries (Ferri et al. 2005) . This is particularly true for Latin America, which is projected to experience a 120% increase in dementia prevalence from 2001 to 2020 compared to 49% for North America over the same time period (Ferri et al. 2005 ). To our knowledge, no research has been conducted on whether the potentially disruptive change in family structure due to migration of young adults from Mexico to the United States is related to cognitive outcomes of older parents who remain in Mexico. Studying the relationship between having an adult child living in the United States and cognitive outcomes of aging parents living in Mexico is necessary to gain a better understanding of the unique factors that may contribute to the expected increase of dementia in Mexico and other Latin American countries.
An adult child's decision to migrate may be influenced by the health status of his or her older parent (Antman 2016 ). This presents a significant challenge to studying the effect that having an adult child migrate to the United States has on the health of an older parent because the observed relationship between adult child migration and outcomes of the older parent may be due to reverse causality. For example, adult children who have an older parent in poor health may migrate to the United States to pursue higher wages so that they can help pay for medical care or they may remain close to home so that they can provide direct care. Alternatively, an adult child may be more prone to migrate to the United States if his or her older parent is in good health and has strong social support networks because the parent will not rely upon the adult child for direct support. An additional challenge to investigators is that individuals who migrate to the United States from Mexico are selected into migration (Breslau et al. 2011 ) and these characteristics, such as a genetic predisposition for good health, personality characteristics, and financial resources, may also contribute to the overall better health of the older parent (Kuhn, Everett, and Silvey 2011) . Not accounting for reverse causality and the nonrandom selection of migrants from the general population can lead to biased results of the impact of migration because the observed effect of migration may be confounded by the effect of factors that contributed to the decision to migrate (Antman 2013) .
A randomized trial is the gold standard for estimating treatment effects because the random assignment of participants into treatment and control groups minimizes the potential for systematic differences in observed and unobserved pretreatment characteristics of participants. Data from migration lottery programs have allowed for randomized designs to be used in migration research (Stillman, Gibson, and McKenzie 2012) , but this approach is often not feasible due to data limitations. An alternative approach to address the non-random selection of migrants in observational studies is propensity score analysis. This analytical approach allows for observational studies to adopt a pseudo-randomized design by estimating the likelihood of treatment assignment based on observable baseline characteristics and then matching participants in the treatment and control groups based on their propensity score.
Propensity score matching analysis was used in the present study to estimate the likelihood of an older parent having an adult child living in the United States. This propensity was based on parental sociodemographic and migration history variables, and then the score was used to match each study participant with one or more adult children in the United States to a study participant who reported having no adult children living in the United States. Additionally, we minimized the likelihood of reverse causality by using a longitudinal study design and excluding from the analytical sample the older parents who had evidence of cognitive impairment during the baseline observation.
Methods

Mexican Health and Aging Study
Data for the present study come from the Mexican Health and Aging Study (MHAS). The MHAS is an ongoing longitudinal study of aging in Mexico that includes a nationally representative sample of adults aged 50 and over in 2001 (Wong, Michaels-Obregon, and Palloni 2015) . A total of 15,186 adults were interviewed during the baseline observation in 2001 (Wave I) and subsequent observations were completed in 2003 (Wave II) and 2012 (Wave III). Detailed information on participants' sociodemographic characteristics, family structure, current self-reported health status and health conditions, lifestyle characteristics, history of migration to and from the United States, economic status, cognitive functioning, and participants' childhood health and living conditions have been collected using direct and proxy interviews. Proxy interviews were given to a spouse or family member when the target participant was unable to complete the interview because of illness, hospitalization, or temporary absence. The primary analysis used data from Waves I and III because the two years that elapsed between Waves I and II is not a sufficient period of time for substantial changes in cognitive functioning to be detected.
Measures
The primary independent variable was having one or more adult children (defined as being aged ≥15 years) living in the United States during Wave I. This was a dichotomous variable coded as zero if the older parent reported that none of their adult children were currently residing in the United States, and as one if the older parent reported having one or more adult children currently residing in the United States. Measures for parental sociodemographic characteristics (age, gender, education, employment status, marital status, living in an urban or rural community, living in a high migration state, has ever lived/ worked in the United States, and having a toilet in the household as a child), characteristics of adult children (number who completed high school, number who are married), parental health (diabetes, hypertension, heart attack, stroke, high depressive symptoms, having experienced a head injury as a child), and parental social engagement characteristics (number of visits with friends per month, having relatives who live in the neighborhood, having friends you can count on, and volunteering) were collected during the Wave I interview.
Cognitive functioning of participants who received a direct interview was assessed using the Cross-Cultural Cognitive Examination (CCCE) (Glosser et al. 1993) . A detailed description of the scoring and implementation of the CCCE in the MHAS has been provided previously (Mejia-Arango, Wong, and Michaels-Obregon 2015) . Wave I included measures for verbal learning (word list immediate recall), verbal memory (word list delayed recall), visuospatial abilities (figure drawing), visual memory (delayed recall of figure drawing), and attention (visual scanning). These five measures were included in Wave III plus measures for orientation (date naming), verbal fluency (animal naming), and numeracy (counting backward). Cognitive impairment for participants who were directly interviewed was defined as scoring 1.5 standard deviations or lower based on a participant's age on two or more assessments (Mejia-Arango and Gutierrez 2011).
Cognitive functioning of participants who required a proxy to complete the Wave III interview was measured using an abbreviated version of the Informant Questionnaire on Cognitive Decline in the Elderly (IQCODE) (Jorm 2004) . The abbreviated IQCODE consists of 16 questions that are answered by an informant (e.g. family member or relative) with knowledge of changes in cognitive functioning of the participant over a two-year period. The informant answers each question on a 1 to 5 scale (1-much improved, 3-not much change, 5-much worse) and a summary score can be obtained by calculating the average of the 16 items. An average score of ≥3.4 was used to define cognitive impairment for participants who required the IQCODE (Jorm 2004 ). The cognitive domains assessed by the IQCODE are consistent with those assessed by the CCCE (e.g. memory, executive functioning, attention) and both instruments provide a general measure of cognitive functioning (Glosser et al. 1994; Jorm 2004 ).
Selection of final sample
A visual description of the selection of the 2609 participants included in the final analytic sample is presented in Figure 1 . The final sample included MHAS participants aged 60 and over who had one or more living children aged 15 and over at Wave I. We excluded participants who reported having no living children or only having living children younger than 15 years of age because these parents were not at risk of having an adult child living in the United States. A total of 114 participants who had cognitive impairment during Wave I were excluded from the final sample. We excluded older adults who required a proxy to complete the Wave I interview, and who completed one or zero cognitive assessments. Participants who required a proxy interview for Wave I were excluded because measures for high depressive symptoms were only collected from participants who received a direct interview. Participants included in the final sample were required to have completed ≥2 cognitive assessments or a proxy measure for cognition during the Wave III observation. Finally, 290 participants who had missing data for one or more covariates included in the propensity score or in the multivariable logistic regression models were excluded from the final sample. These 290 participants were significantly older and more likely to have no formal education, have experienced a stroke, not have had a toilet in the household as a child, not have friends in the neighborhood, not have friends they can count on, and have chatted or visited more times per month compared to the 2609 participants in the final sample.
Statistical methods
Propensity score analysis Studies on variable selection to estimate the propensity score indicate that the number of matched pairs is maximized when confounding variables and variables related to the outcome are used (Patrick et al. 2011) . Therefore, for our case, we selected variables related to parental sociodemographic characteristics and parental migration history because these variables influence the likelihood of having an adult child migrate and are plausibly associated with cognitive functioning of the parent. These variables included having completed at least one year of formal education, living in an urban community, having ever worked or lived in the United States, and having a toilet in the household as a child, which served as a proxy measure for the early life socioeconomic status of the parent (Beltran-Sanchez et al. 2011) . Additional variables plausibly related to cognition included in the propensity score equation were current marital status (married, not married), gender, age, and having experienced a head injury as a child. The propensity score was estimated by including the selected variables as covariates in a multivariable logistic regression model with the dependent variable being having an adult child living in the United States at Wave I.
Matching procedure: The obtained propensity score was used to match a randomly selected participant from the treatment group (i.e. parents with one or more adult children living in the United States) to a participant in the control group (i.e. parents with no adult children living in the United States) whose propensity score was closest to that of the treated participant. If multiple participants in the control group had a propensity score that was equally close to that of the participant in the treatment group, then one of the participants from the control group was selected at random. Participants in the control group were no longer eligible to be matched once they had been matched to a participant in the treatment group. The logits of the propensity scores of the treatment and control groups were required to be within 0.20 standard deviations. Participants in the treatment group who could not be matched to a participant in the control group within 0.2 standard deviations were not included in the matched sample.
After the matching procedure was complete, 641 out of 673 participants in the treatment group were successfully matched to a participant in the control group. The distribution, frequencies, and standard mean differences of covariates in the unmatched and matched samples were examined to determine if the model used to calculate the propensity score was correctly specified and if the covariates were sufficiently balanced after the matching procedure was complete. A standard mean difference of 0 indicates the variable is perfectly balanced between the treatment and control groups. The closer the standard mean difference is to 0 the better the balance of the covariate in the matched sample. A standard difference of <0.1 was used as the threshold for determining if a covariate was sufficiently balanced in the matched sample.
Differences in the demographic, health, social, and adult child characteristics of participants of the unmatched sample according to having an adult child living in the United States were examined using independent t-tests for continuous variables, chi-squared tests for categorical variables, and Poisson regression for variables related to the number of adult children (total, completed high school, and married) and times per month chatting or visiting with friends. Logistic regression models were constructed using data from the matched sample to estimate the odds for cognitive impairment in 2012 as a function of having one or more adult children living the United States as of 2001. Unadjusted and adjusted models were used to account for potential mediating and confounding effects of sociodemographic, health, and social characteristics, and variables that influence the likelihood of having an adult child migrate. Hubert-White robust standard errors were used to calculate confidence intervals to account for the correlation between participants in the matched sample. Table 1 presents the distribution and frequencies of the covariates used to estimate the propensity score for the matched and unmatched samples. The distribution and frequencies of the covariates were much more balanced in the matched sample compared to the unmatched sample. This is indicated by the smaller standard mean differences in the matched sample compared to the unmatched sample (Figure 2) .
Results
A total of 673 older adults in the final unmatched sample reported having one or more adult children living in the United States during Wave I. The average number of adult children living in the United States was 2.4 (range 1-9 children) and the average duration in the United States by the adult children was 8.8 (range 1-38.3). Of the 2609 participants in the final sample, 419 were classified as having developed cognitive impairment at Wave III. Only 14 additional participants were classified as cognitively impaired when using all 8 cognitive assessments administered during the Wave III interview compared to when using the 5 assessments that are consistent between Wave I and Wave III. Statistically significant differences in the baseline characteristics of older adults in the unmatched sample according to having an adult child living in the United States were detected (Table 2 ). Older adults with one or more adult children living in the United States were more likely to have no formal education, to be married, to live in a less urbanized community, to not have had a toilet in the household as a child, to live in a high migration state, to have high depressive symptoms, to have friends in the neighborhood, to have friends they can count on, and to have visited or chatted more times per month with neighbors compared to older adults with no adult children living in the United States. Additionally, older adults with one or more adult children living in the United States had more adult children, had fewer adult children who completed high school, and had more adult children who were married. The results from the unadjusted and adjusted logistic regression models using the matched sample are presented in Table 3 . Having one or more adult children in the United States was not associated with cognitive impairment at Wave III in the unadjusted model (OR = 0.91, 95% CI = 0.68-1.23). These results were consistent in the demographic, migration, health, social, and fully adjusted models. In the fully adjusted model, advanced age and diabetes in Wave I were associated with higher odds for cognitive impairment at the 11-year follow-up, whereas having a greater number of children complete high school and participating in volunteer activities at Wave I were associated with lower odds for cognitive impairment at follow-up (Table 3) .
Additional analyses were done to examine the relationship between having one or more adult children living in the United States and scores for verbal learning and memory, visuospatial learning and memory, and attention at Wave III. Scores on verbal learning and memory, visuospatial learning and memory, and attention at Wave I were included as covariates in these multivariable models to control for initial functioning in these cognitive domains. Having one or more adult children in the United States was not significantly associated with scores for verbal learning, verbal memory, visuospatial learning, visuospatial memory, or attention (results not shown).
Discussion
This study examined if older adults in Mexico who have one or more adult children living in the United States are more or less likely to develop cognitive impairment compared to older adults who do not have any adult children living in the United States. The findings from unadjusted and adjusted logistic regression models indicate that there is not a significant relationship between having one or more adult children living in the United States and the odds for cognitive impairment 11 years later. Furthermore, having one or more adult children living in the United States was not associated with scores at Wave III for verbal learning and memory, visuospatial learning and memory, or attention. Previous research using data from the MHAS suggests that having an adult child migrate to the United States is associated with poor physical and mental health of older parents living in Mexico (Antman 2016) . Poor mental and physical health are risk factors for cognitive impairment (Whitmer et al. 2005; Heser et al. 2013) , and this would suggest that having an adult child migrate to the United States may be detrimental to the cognitive functioning of older parents living in Mexico. Thus, the findings of the present study have important implications for the health and well-being of older parents living in Mexico because having an adult child migrate to the United States does not appear to be a risk factor for cognitive impairment.
There are many plausible explanations for the lack of significant findings. First, having one or more adult children living in the United States was associated with adverse and protective factors for cognitive impairment. We observed that older parents with one or more adult children living in the United States were more likely to report having low socioeconomic status and background and higher depressive symptoms compared to older parents with no adult children living in the United States. Conversely, older parents with one or more adult children living in the United States seemed to be more socially engaged as indicated by the greater likelihood to report having friends in the neighborhood, having friends that they could count on, and chatting or visiting more frequently with neighbors. Low educational attainment (Caamano-Isorna et al. 2006) , socioeconomic disadvantages through the life course (Zeki Al Hazzouri et al. 2011) , and depressive symptoms (Reitz, Brayne, and Mayeux 2011) are associated with an increased risk for cognitive impairment. Having friends in the neighborhood, having friends to count on, and chatting more frequently were not associated with cognitive impairment in the present analysis, but several other studies have reported that these measures of social engagement are associated with better cognitive outcomes for older adults (Kuiper et al. 2015) . Thus, the potential negative effects of low education, low socioeconomic status, and high depressive symptoms may be partly counteracted by the positive effects of being more socially engaged.
A second explanation for the non-significant findings is the lack of detailed migration information in MHAS. This analysis was able to determine if an older parent had one or more adult children living in the United States at the time of the Wave I interview but could not account for the complex migration patterns of adult children, such as seasonal migration, and multiple out and return migration between the United States and Mexico. Many working-aged Mexican adults migrate to the United States seeking seasonal employment and subsequently return to Mexico (Passel and Cohn 2009) . Circular migration by an adult child may decrease the potentially negative impact of the migration on the health of the older parent because the adult child is able to earn a greater income by working in the United States and still provide direct support to a parent when he or she returns to Mexico. However, in the present study, the average duration lived in the United States was relatively high (8.8 years) and only 12.7% of the final sample reported having an adult child that had lived in the United States for less than 2 years. This suggests that few older parents in the final sample have adult children with short US durations or with frequent trips between the United States and Mexico.
A third explanation is that this analysis was unable to account for the circumstances that motivated the decision of the adult child to migrate to the United States. It is possible that this decision was related to the characteristics of the older parent, such as available social support and health. We attempted to account for this potential confounding by using propensity score matching, but we could not control for measures not included in the MHAS, such as the age of diagnosis for health conditions.
The present study detected that advancing age and diabetes were associated with increased odds for cognitive impairment, but that participating in volunteer activities was associated with decreased odds for cognitive impairment. Age and diabetes are important risk factors for dementia (Mayeda, Whitmer, and Yaffe 2015) and older adults who participate in socially engaging activities, such as volunteering, have been observed to experience less cognitive decline than non-engaged older adults (James et al. 2011) . A novel finding of this study was that having adult children who graduated from high school was associated with decreased odds for cognitive impairment for older parents. The educational attainment of the adult children is unlikely to have a direct effect on the cognitive functioning of older parents. Rather, greater child educational attainment may reflect greater financial resources (Kim and Sherraden 2011) and other socioeconomic factors of the older parent that contribute to the decreased odds for cognitive impairment.
A strength of this study is the use of a longitudinal study design, which allowed for older parents who were cognitively impaired during the baseline observation to be excluded from the analysis. This decreased the likelihood that the migration of the adult child was undertaken in response to his or her parent's decline in cognition. Additionally, this study used propensity score analysis to account for the endogeneity of the migration selection process that may influence the relationship between having one or more adult children living in the United States and the likelihood for cognitive impairment among older parents living in Mexico.
This study also has limitations that need to be acknowledged. First, by excluding participants with missing data for variables included in the propensity score and in the multivariable logistic regression models, we may have induced bias into the analysis. Second, propensity score analysis fails to control for bias from unobserved variables that are related to having an adult child migrate to the United States and to cognitive functioning of older parents living in Mexico. We were limited in what variables could be used to estimate the propensity score because we could not determine the temporal relationship between when the migration of the adult child occurred and the onset of demographic, health, and social characteristics of the older parent that may influence an adult child to migrate. Determining the sequence of events becomes even more complicated when multiple adult children have migrated since one child could have migrated before the event (e.g. stroke, family moving to the neighborhood) and another child could have migrated after the event had occurred.
In summary, this study provides evidence that older parents who have one or more adult children living in the United States have sociodemographic and health characteristics that may place them at greater risk for cognitive impairment, but that these negative effects may be countered by greater social engagement. Thus, having one or more adult children living in the United States does not appear to be associated with increased odds for cognitive impairment of older parents living in Mexico. Additional research on the relationship between adult child migration and cognitive functioning of older parents living in Mexico and other Latin American countries is necessary before making definitive statements regarding this relationship.
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